To evaluate the outcomes of angioplasty for recanalization after acute ischemic stroke (AIS). Materials and Methods: The study population was selected from 134 patients who underwent endovascular revascularization therapy (ERT) for AIS between October 2011 and May 2014. Of those 134 patients, 39 who underwent balloon angioplasty with or without stent insertion were included in this study. Balloon angioplasty was the primary treatment for nine patients and a rescue method for 30 patients. The revascularization rate at 7 days, procedure-related complications, and clinical outcomes at 3 months were analyzed. Results: The occlusion sites were the middle cerebral artery (n = 26), intracranial internal carotid artery (n = 10), and middle cerebral artery branch (n = 3). Angioplasty achieved successful revascularization (Thrombolysis in Cerebral Ischemia grade 2b-3) in 76.9% of patients. Computed tomography angiography performed 7 days post-procedure revealed a maintained reperfusion in 82.8% of successful cases. Only two patients had symptomatic intracerebral hemorrhage. At the 3-month follow-up, 18 (48.6%) and 10 (27.0%) patients showed good and poor functional outcomes, respectively (modified Rankin Scale scores, 0-2 and 5-6). Conclusion: Emergent balloon angioplasty and bailout self-expandable stent placement may be safe and effective for achieving successful revascularization in acute large vessel occlusion of the anterior circulation. It could be a feasible rescue method as well as a primary method for ERT.
INTRODUCTION
Many revascularization techniques have improved clinical outcomes and reduced mortality in acute ischemic stroke (AIS) patients with large-vessel occlusion. Intravenous recombinant tissue plasminogen activator (IV-rtPA) is considered the first-line treatment for AIS within a 4.5 h time window (1, 2) . However, endovascular revascularization therapy (ERT) is superior to IV-rtPA alone for achieving large-vessel revascularization (3) (4) (5) (6) . Although there are many suitable devices for ERT, recanalization failure of ERT occurs in some cases, and balloon angioplasty has been performed as a rescue method (7) . Balloon angioplasty can be useful in cases of in-situ stenosis or stenosis caused by atherosclerosis.
Previous studies have compared several methods for mechanical thrombolysis (8) . To our knowledge, only a few studies focused on the use of balloon angioplasty, with or without stenting, to achieve recanalization in ERT for AIS (8) . In this study, we retrospectively evaluate the outcomes of using balloon anjksronline.org J Korean Soc Radiol 2017;76(6):403-410 gioplasty to achieve recanalization in ERT for AIS and report our single-center experience in the treatment of AIS.
MATERIALS AND METHODS

Study Population
This study was approved by the Institutional Review Board of our hospital, and informed consent was waived due to the retrospective design. There were 134 patients who underwent ERT for AIS between October 2011 and May 2014. We included 39 of these who were treated with balloon angioplasty, with or without stent insertion. Patients were retrospectively identified from our stroke databases. Nine patients were treated with balloon angioplasty as a primary method, and 30 patients were treated with balloon angioplasty as a rescue method.
Computed tomography (CT) and/or magnetic resonance imaging (MRI) was performed to evaluate the salvageable tissue and the presence of hemorrhage before beginning ERT. If no other contraindications were noted, bridging IV-rtPA treatment was initiated after radiologic evaluation. The indications for ERT were as follows: 1) clinical diagnosis of AIS; 2) National Institutes of Health Stroke Scale (NIHSS) score > 4 at symptom presentation; 3) steno-occlusive lesion of a major artery detected on MR angiography; 4) definite perfusion-diffusion or clinical-diffusion mismatch; 5) presentation within 24 h from first abnormal time or early neurologic deterioration after stroke; and 6) no intracranial hemorrhage present.
Endovascular Procedure
All procedures were performed under local anesthesia, with or without sedative agents, in an intervention room equipped for digital subtraction angiography. A bolus of heparin (2000-3000 units) was administered to patients who were not treated with IV-rtPA. In cases for which coaxial guiding catheters were used, a guiding catheter larger than 6 F was inserted into the distal cervical internal carotid artery. We used a 6 F guiding catheter (En- for pre-stent angioplasty were measured using cerebral angiography, and a balloon slightly smaller than the lesion was selected. In nine cases in which balloon angioplasty was used as the primary method, the intracranial stents were substituted for the balloon after balloon angioplasty in eight cases. The stent diameter was usually 0.5-1.0 mm larger than the vessel diameter. The mid segment of the stent was located at the point of occlusion. Balloon angioplasty after stent insertion was performed to treat residual stenosis. Delayed angiography was performed to evaluate complications such as thrombosis, spasm, and vessel perforation or dissection. If re-thrombosis after angioplasty persisted, intra-arterial tirofiban (Aggrastat; Merck, West Point, PA, USA; 1 mg) was administered for 10-15 minutes to restore blood flow ( Fig.   1 ). The exchange wire and guiding catheter were removed after delayed angiography. After the procedure, dual antiplatelet agents were administered for at least one month. 
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Procedural Outcomes
The revascularization status was assessed by control cerebral angiography immediately and by follow-up CT angiography after 7 days. Angiographic reperfusion status was classified according to the TICI grade (9) .
Clinical Outcomes
A complete neurologic examination was performed by a stroke neurologist after each procedure. Neurological improvement was assessed using the NIHSS score on day 7, and the functional outcome was assessed using the modified Rankin Scale (mRS) score at 3 months after the endovascular procedure (10) . An mRS score ≤ 2 was considered a favorable clinical outcome (11) , and neurological improvement was defined as an improvement of 4 points over the baseline NIHSS score.
All patients underwent non-enhanced CT immediately after the procedure to exclude hemorrhagic complications. Symptomatic intracranial hemorrhage was identified by CT evidence of a new intracranial hemorrhage, with apparent neurological deterioration, manifesting as objective signs or an increased NIHSS score. Diffusion MRI and CT/MR angiography were also performed within 24 h and 7 days after the procedure to evaluate any ischemic events and the revascularization status of stenotic arteries.
Statistical Analysis
Baseline characteristics of study patients were compared between patients where balloon angioplasty was the primary method and patients for whom it was a rescue method. Statistical analysis was performed with Student' s t-test for continuous variables and the Fisher' s exact test for categorical variables. p-values < 0.05 were considered to indicate statistically significant differ- 
RESULTS
Patients
Thirty-nine patients with AIS were treated with intracranial balloon angioplasty. The baseline characteristics of the patients are described in Nine patients with severe stenosis or near occlusion were treated with balloon angioplasty as a primary method. Thirty patients underwent balloon angioplasty as a rescue method after thrombectomy using the penumbra reperfusion catheter, Solitaire device, or chemical thrombolysis as the primary method for ERT. In three cases, intra-arterial urokinase or tirofiban was used as the first-line method for ERT. Two patients were treated with only stenting; eight patients were treated with only balloon angioplasty; and 29 patients were treated with stent placement before or after balloon angioplasty.
Outcome Data
The results of angioplasty and stent insertion for AIS are summarized in Table 2 . Overall successful revascularization (TICI Angioplasty as a primary method was successful (TICI grade 2b or 3) in seven patients (77.8%). The remaining two cases showed in-stent stenosis by delayed angiography. One of these showed asymptomatic improvement after tirofiban infusion, but the other patient showed residual stenosis despite tirofiban infusion, and underwent additional balloon angioplasty. Successful recanalization (TICI grade 2b or 3) was achieved in 23 patients (76.7%) who underwent angioplasty as a rescue method (Fig. 2) . (15, 16) . Yoon et al. (17) found that 20% to 30% of AIS patients needed a second-line treatment for re-occlusion after mechanical thrombectomy. According to the previous Multi-MERCI trial, 57.3% of successful recanalizations were achieved with retrieval alone, and 69.5% were achieved in conjunction with another treatment method (18) . In addition, an 81.6% recanalization rate was observed after revascularization using the Penumbra system with the adjunctive use of intra-arterial thrombolytic therapy (19) .
Previous studies have reported that angioplasty is a safe and effective method. Siddiq et al. (20) reported similar rates of periprocedural stroke and death with angioplasty compared to stent placement for AIS. In addition, angioplasty is proposed as a safe and effective method for patients who experience failed intraarterial thrombolysis (7, 21) . Yoon et al. (22) reported that revas- cularization occurred in 95% of patients. Moreover, a favorable outcome was observed in 65% of patients with stroke caused by intracranial stenosis, who were treated with intracranial angioplasty with or without stenting. Our study also suggested that additional successful recanalization and favorable clinical outcomes were achieved with balloon angioplasty after failure of the firstline endovascular therapy. A previous study of acute basilar occlusion showed that intracranial balloon angioplasty in combination with stenting is helpful for recanalizing a large artery occlusion in the anterior circulation that is intractable to mechanical thrombectomy (23) .
The overall recanalization rate in the current study was 79.5%, and only two patients showed re-occlusion on the 7 day followup CT angiography. This result is similar to that of a previous study where 3 of 34 patients showed re-occlusion after endovascular treatment (22) . A previous study using mechanical thrombectomy with angioplasty and stenting for acute basilar occlusions observed a favorable functional outcome (mRS at 3 months ≤ 2) in 46.2% of patients (23) . Our study had clinical outcomes similar to a previous study that observed a good functional outcome (mRS at 3 months ≤ 2) in 18 of 39 patients (48.6%), and a poor functional outcome (mRS at 3 months = 5 or 6) in 10 patients (27.0%). However, the previous study examined a different occlusion site (23) . The mortality rate was 13.5% in our study.
Fig. 2.
Angioplasty was performed as a rescue method after failure of a Solitaire stent for mechanical thrombectomy. A 55-year-old man with left hemiparesis shows right middle cerebral artery (MCA) territory infarction on diffusion weighted imaging (DWI) (A), and a severe steno-occlusive lesion involving the right M1 segment (B) on angiography. After several trials of thrombus retrieval using Solitaire stents, only partial recanalization was achieved (C). A Gateway catheter and Wingspan stent were used for balloon angioplasty (D). However, progression of an in-stent thrombus is noted on delayed angiography (E). Thus, tirofiban was infused and the thrombus decreased (F). The results of our study suggest that balloon angioplasty is a useful method for intra-arterial therapy in AIS patients.
A limitation of the present study is that it was retrospective in nature, and therefore has the inherent limitation of selection bias.
Thus, prospective, multicenter, randomized controlled trials with long-term clinical outcomes, and a larger study population, are needed to assess the efficacy and risk-benefit ratio of balloon angioplasty in AIS patients.
In conclusion, emergent balloon angioplasty and bailout selfexpandable stent placement may be a safe and effective method to achieve successful recanalization in acute large vessel occlusion of the anterior circulation. It could be feasible as both a primary method and a rescue method for intra-arterial therapy.
